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SECTION  1 
PURPOSE 


The  piilrpose  of  this  contract  is  to  carry  out  research  work  for  a 
period  of  30  rnOnths  commencing  June  1,  1962,  and  ending  November  30, 
1964,  involving  investigations  leading  to  approaches  to  the  attainment  of 
high  reliability  in  subminiature  ceramic  capacitors  and  the  determination 
of  failure  rate  as  a  function  of  voltage  and  temperature. 

In  particular,  this  involves  the  following: 

(1)  Construction  of  a  model  or  theory  to  predict  failure  mechanisms 
and  failure  rates  as  a  function  of  voltage  and  temperature. 

(2)  Development  and  evaluation  of  a  short-term  test  to  eliminate 
early  failures  effectively  without  shortening  the  time  to  the 
wearout  mode  of  failure. 

(3)  A  determination  of  the  failure  rate  as  a  function  of  voltage  and 
temperature  through  large-scale  life  testing.  From  the  data 
thus  obtained,  derating  curves  will  be  derived  and  overall 
failure  rates  for  operating  conditions  will  be  estimated.  The 
theory  developed  will  be  critically  examined  and  refinements 
made. 

(4)  Compilation  of  quarterly  progress  reports  in  accordance  with 
Signal  Corps  Technical  Requirements  No,  SCL-ZIOIN,  dated 
14  July  1961. 

(5)  Compilation  of  a  final  report  in  accordance  with  Signal  Corps 
Technical  Requirements  No.  SCL.-2101N,  dated  14  July  1961. 
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SECTION  2 


ABSTRACT 


A  slight  change  in  the  ceramic  composition  of  the  C67  Case  Size  I 
MONOLYTHIC®  capacitor  has  produced  improved  current  stability  which 
promises  longer  life.  Characteristics  of  the  improved  capacitor  with  respe'^t 
to  leakage  and  voltage,  temperature  and  time,  are  presented.  An  experiment 
has  been  started  to  examine  the  efficacy  of  a  selection  technique  for  the 
detection  Of  potential  early  failures  among  the  improved  capacitors. 


Life  testing  of  753  capacitors  of  the  original  version  was  continued. 
Pre-life  test  characteristics  appear  to  support  the  life  time  formula 
developed  during  the  seventh  quarter,  although  not  all  the  characteristics 
contained  in  the  formula  were  determined  on  the  individual  capacitors  before 
the  start  of  testing  because  the  formula  was  developed  after  the  start  of  life 
testing.  The  importance  of  the  elements  contained  in  the  life  time  formula 
is  indicated  by  the  results  of  other  testing  presented. 
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SECTION  3 

PUBLICATIONS,  LECTURES,  REPORTS,  AND  CONFERENCES 


(1)  The  Seventh  Quarterly  Report,  covering  the  period  December  1> 

1963  ^  February  29,  1964,  was  submitted  for  U.  S.  Army  Electronics 
Research  and  Development  Agency  approval.  Approval  was  received, 
and  the  report  was  distributed  per  USAERDA  instructions. 

(2)  On  March  17,  1964,  a  conference  was  held  at  Fort  Monmouth,  New 
Jersey,  to  discuss  progress  to  date  and  future  work  on  this  contract. 
Attending  from  USAERDA  were  Miss  Jeanne  Allen  and  Mr.  H.  L. 
Stout.  Attending  from  Sprague  Electric  Company  were  Mr,  T.  I. 
Prokopowicz,  Dr.  D.  M.  Smyth,  and  Dr.  G.  A.  Shirn. 

(3)  On  April  29,  1964,  a.  similar  conference  was  held  at  Fort  Monmouth, 
Attending  from  USAERDA  were  Miss  Jeanne  Allen  and  Mr.  H.  L. 
Stout.  Attending  from  Sprague  Electric  Company  were  Mr.  T.  I. 
ProkopowiGz  and  Mr.  F.  B.  Schoenfeld. 


J  i 


3-1 


SECTION  4 


FACTUAL  DATA 


4.  1  ConstryiGtion  of  C67  Case  Size  I  Mohplythic  Capacitors 


The  C67  Case  Size  1  Monolythic  capacitor  has  a  construction  of 
stacked  ceramic  dielectric  layers  0.  0025  in.  thick  and  connected 
electrically  in  parallel.  These  layers  are  intimately  bonded  to  each 
other  through  high-temperature  sintering.  The  ceramic  material  is  a 
barium  titanate,  which  has  a  dielectric  constant  of  about  2000  at  room 
temperaturej  and  which  is  stable  to  +10%,  -15%  between  -55®C  and  125*  C. 
The  capacitor  is  enclosed  in  a  tubular  case  which  is  0*  25  in.  long  and 
0,  095  in.  in  diameter. 

4.  2  Characterization  of  Improved  Capacitor 


It  was  stated  in  the  Seventh  Quarterly  Progress  Report  that  a 
slight  change  in  the  C67  composition  was  made  which  has  resulted  in 
improved  life  test  stability  of  the  Case  Size  I  Monolythic  capacitors. 

The  improvement  in  life  test  stability  indicates  an  increase  in  time-to- 
failure  at  high  temperatures  by  perhaps  a  factor  of  10.  Figure  1  shows 
typical  resistance  vs.  time  curves  at  150‘’C  for  the  obsolete  C67  Case 
Size  I  Monolythic  capacitor  and  for  the  improved  capacitor.  The 
composition  changes  leading  to  increased  life  test  stability  have  ciffected 
neither  the  dielectric  constant  nor  the  stability  of  dielectric  constant  with 
temperature. 

Some  of  the  characteristics  of  the  improved  capacitor  were  reported 
in  the  Seventh  Quarterly  Progress  Report.  Additional  characteristics  of 
the  improved  capacitor  were  investigated  during  the  eighth  quarter,  in 
particular  the  response  of  the  capacitor  to  direct  voltage  as  a  function  of 
time,  temperature,  and  age. 


Curves  showing  charge  current  as  a  fiinction  of  time  at  85 “C  for  a 
new  capacitor  at  several  voltages  are  presented  in  Figure  2.  The  time  to 
reach  the  condition  of  steady-state  current  with  a  particular  voltage  at 
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85"C  is  about  an  order  of  magnitude  greater  than  at  150®C  (see  Figure  11, 
Seventh  Quarterly  Progress  Report).  All  the  data  presented  in  Figure  2 
were  obtained  on  the  same  GapaGitor,  The  capaGitor  was  Gharged  in  steps 
of  increasing  voltage,  and  between  chargings,  it  was  stored  at  85®  C  for  at 
least  16  hr.  The  data  in  Figure  2  are  plotted  as  steady-state  current  vs. 
time  in  Figure  3.  It  is  Seen  that  current  at  85®C  is  proportional  to  V^* 
below  30#  V,  which  is  the  same  relationship  as  Was  found  at  150®C  (see 
Figure  12,  Seventh  Quarterly  Progress  Report).  At  85®C  and  above, 

30#  V  steady-state  current  is  proportional  to  V^* 

The  data  presented  so  far  have  been  on  new  capacitors,  i.  e.  ,  on 
Capacitors  not  previously  voltage  stressed  to  any  appreciable  degree.  In 
Figure  4,  data  on  Current  as  a  fionction  of  time  at  85 ®C  are  presented  for 
a  capacitor  which  had  previously  been  subjected  to  240  V/mil  at  150°C 
for  several  hundred  hours.  The  behavior  is  qualitatively  the  same  as  for 
the  new  capacitor  described  in  Figure  2.  The  relationships  of  steady-state 
current  to  applied  field  at  85®C  and  150®C  for  previously  aged  capacitors 
are  presented  in  Figures  5  and  6.  As  with  new  capacitors,  the  conductivity 
of  the  aged  capacitors  is  non-ohmic. 


The  activation  energy  for  conduction  of  the  improved  capacitor  had 
previously  been  determined  at  93  V  to  be  1.  05  eV.  On  the  basis  of  the 
data  shown  in  Figure  7,  the  Steady-state  resistance  as  a  function  of 
temperature  at  200  V  is  plotted  in  Figure  8.  In  this  instance,  the  activation 
energy  for  conduction  of  the  improved  capacitor  is  1.00  eV.  Because  of 
the  scatter  in  data  points,  the  difference  between  activation  energies  at 
93  V  aind  20#  V  is  probably  not  significant. 

Charging  current  as  a  function  of  time  at  95  V  on  an  aged  capacitor 
is  presented  for  a  variety  of  temperatures  in  Figure  9.  The  steady-state 
resistance  as  a  function  of  temperature  for  an  aged  capacitor  at  95  V  and 
195  V  is  plotted  in  Figure  10.  It  can  be  seen  on  this  figure  that  the  activation 
energy  is  1.04  eV,  Therefore,  the  activation  energy  for  conduction  of  an 
aged  capacitor  appears  not  to  be  significantly  different  from  that  of  a  new 
capacitor. 

The  behavior  of  the  resistance  with  time  of  several  improved 
capacitors  at  150'’C  and  at  several  voltages  is  presented  in  Figures  11 
through  13.  The  capacitors  display  stable  resistances  for  1000  hr  or  more 
when  stressed  as  high  as  240  V/mil.  The  capacitors  are  still  on  test. 

Experimental  results  presented  in  the  First  and  Second  Quarterly 
Progress  Reports  indicated  that  the  mean- time -to .^failure  on  life  test  of 
the  obsoleted  capacitors  was  somewhat  dependent  upon  the  sense  of  pre-life 
test  direct  voltage  application.  If  the  sense  of  the  voltage  application  on 
life  test  was  the  same  as  before  life  test,  then  mean-time -to -failure  was 
less  than  for  capacitors  not  stressed  before  life  test.  However,  if  the 
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sense  of  voltage  application  before  life  test  was  opposite  that  during  life 
test,  mean  life  times  longer  than  normal  were  observed.  It  appears,  on 
the  basis  of  the  data  presented  in  Figures  14  and  15,  that  the  improved 
variety  GapaGitors  would  display  longer  life  times  if,  after  a  period  of 
service,  the  sense  of  the  voltage  could  be  reversed.  These  data  suggest 
that  it  should  be  possible  to  examine  capacitors  at  some  accelerated 
condition  of  temperature  and  voltage  for  stability  of  resistance  with  time, 
and,  aiter  examination  has  been  made,  reverse  the  voltage  for  a  period 
of  time  so  as  to  rejuvenate  the  capacitors  to  their  initial  state.  If  it 
could  be  known  positively  that  a  given  capacitor  had  at  least  a  minimum 
measure  of  stability  at  severe  conditions  of  voltage  and  temperature, 
then  it  should  be  possible  to  estimate  the  stability  of  the  capacitor  at 
milder  temperature  and  voltage  conditions.  The  estimation  would  be 
based  on  certain  temperature -voltage ^time  dependencies  observed 
concerning  certain  characteristics  of  the  obsoleted  capacitor. 


Liarge-Scale  Tiife  Testing 


A  total  of  753  Case  Size  I  C67  MonolythiC  capacitors  are  now  under¬ 
going  life  test.  These  capacitors  are  the  original  version  of  this  unit, 
and  therefore  lifetimes  which  are  shorter  than  those  for  the  improved 
version  will  be  observed  at  a  given  temperature  and  voltage.  Although 
the  original  version  is  now  obsolete,  life  testing  of  the  753  capacitors  was 
continued  in  an  attempt  to  gain  knowledge  about  the  lifetime  of  barium 
titanate  ceramic  capacitors. 


The  capacitors  which  are  on  test  are  grouped  as  follows: 


Class  I  :  This  group  consists  of  200  capacitors  which  were  flashed 
in  the  unfired  state  at  1 , 5  VPC.  A  total  of  100  of  these 
capacitors  were  then  burned-in  at  50  VDC  and  150“C  for 
24  hours,  while  the  other  100  were  not.  Average 
capacitance  for  Class  I  capacitors  is  0.0075  pf. 


Class  li  ;  This  group  consists  of  293  capacitors  which  were  flashed 
in  the  unfired  state  at  500  VPC.  A.  total  of  147  of  these 
capacitors  were  then  burned^in  at  50  VPC  and  i50°C  for 
24  hours,  while  the  other  146  were  not.  Average 
capacitance  for  Class  II  units  is  0.0085  pf. 


Class  III  :  This  group  consists  of  260  capacitors  which  were  flashed 
in  the  unfired  state  at  lOOQ  VPC.  A  total  of  130  of  these 
capacitors  were  then  burned-in  at  50  VPC  and  150°C  for 
24  hours,  while  the  other  130  were  not.  Average 
capacitance  for  Class  III  units  is  0-  0084  pf. 


TTie  purpose  of  the  voltage  testing  in  the  unfired  state  was  to 
eliminate  frojm  further  processing  those  capacitors  whose  counter 
electrodes  are  in  contact  or  are  separated  by  gas  inclusions  or  ceramic 
material  having  less  than  nominal  thickness.  The  underlying  assumption 
was  that  capacitors  which  displayed  such  defects  before  firing  would  also 
display  defects  against  long  life  after  firing. 

The  burn-in  conditions  of  150 “C  and  50  V  for  24  hr  were  choSen  so 
that  the  majority  of  the  capacitors  would  not  be  degraded,  i..e.  ,  have 
their  resistance  lowered  Substantially.  Only  Gapacitors  which  might  be 
early  failures  in  service  would  be  degraded.  It  was  thought  that  shorts 
lived  and  long-lived  capacitors  might  be  more  easily  distinguished  on  the 
basis  of  a  resistance  measurement  if  the  capacitors  were  subjected  to 
DC  voltage  for  a  time  before  being  placed  on  life  test. 


Pre-life  test  measurements  of  these  capacitors  before  and  after 
burn-in  included  capacitance  and  dissipation  factor  at  1  kc/sec  and 
resistance  at  lOO  VDG  and  25‘’C  and  at  100  VDC  and  150®C  after  30  min 
of  electrification.  The  30-minute  electrification  time  was  chosen  because 
a  long  time  is  usually  required  to  reach  the  point  of  steady-state  resistance. 
Capacitors  which  require  the  longest  time  to  reach  this  point  also  appear, 
in  general,  to  display  the  longest  life  times  and  the  highest  values  of 
resistance.  Therefore,  the  differences  in  resistance  which  will  allow 
differentiation  between  potentially  long-life  and  short-life  capacitors 
should  be  more  pronounced  after  30  minutes  of  electrification  than  aifter 
only  one  or  two  minutes.  A  review  of  the  background  material  leading  to 
the  approximate  life  time  formula  presented  in  the  Sixth  and  Seventh 
Quarterly  Progress  Reports  for  the  original  version  of  this  capacitor  will 
help  the  understanding  of  this  point. 


The  distribution  of  resistance  values  at  ZS'C  and  150'’C  for  the 
three  classes  of  capacitors  was  presented  in  the  Sixth  Quarterly  Progress 
Report.  The  distribution  at  25 °C  for  each  class  of  capacitors  indicated  a 
fairly  uniform  quality,  but  the  distribution  of  resistance  values  at  150°C 
indicated  a  variable  quality.  This  variability  was  greatest  for  the  Class  I 
capacitors.  Quality  variability  among  the  various  classes  could  not  be 
related  to  voltage  flashing  of  the  unfired  parts. 

An  inspection  of  the  distribution  of  resistances  at  150°C  indicated 
that  any  capacitor  having  a  resistance  greater  than  200,  000  Mfi  could  be 
called  normal,  while  a  capacitor  having  a  resistance  less  than  200,  000  Mf2 
could  be  considered  abnormal  or  substandard. 

The  life  testing  of  the  units  is  following  a  step-stress  plan,  which 
to  date  has  comprised  the  following: 
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85 ®C  and  50  VDC  for  1000  hr;  resistance  read  at  24,  500,  and 
1000  hr. 

85®C  and  100  VDC  for  500  hr;  resistance  read  at  24,  65,  and 
500  hr. 

105®  C  and  100  VDC  for  1000  hr;  resistance  read  at  500  and 
1000  hr. 

125°  C  and  100  VDC  for  2000  hr;  resistance  read  at  72,  250,  500, 
lOOOi  1500,  and  2000  hr. 


The  capacitors  are  continuing  on  test  at  125 ®C  and  100  VDC.  The 
peifcentage  of  failures  noted  at  the  different  readout  times  for  the  three 
classes  of  capacitors  is  presented  in  Table  1.  A  capacitor  is  considered 
a  failure  when  its  resistance  at  test  conditions  drops  below  100  Mf2,  This 
definition  is  somewhat  arbitrary,  but  it  serves  to  indicate  when  a  normal 
Capacitor  is  wearing  out. 


Table  1  indicates  a  significant  difference  in  mean  life  times  between 
the  three  classes  of  capacitors.  Whatever  the  explanation,  this  difference 
cannot,  with  any  confidence,  be  ascribed  to  defects  in  the  unfired  strips, 
as  detected  by  flash  voltage  testing,  for  the  same  reasons  that  the 
variability  Of  initial  resistance  at  150®C  cannot  be  explained  in  this  way. 
These  reasons  were  presented  in  the  Sixth  Quarterly  Progress  Report. 

It  will  be  seen  on  perusal  of  the  data  in  Table  1  that  the  percentage 
of  failures  actually  decreases  in  several  instances  as  time  on  test  is 
increased.  This  occurs  because  a  capacitor  may  be  technically  a  failure 
at  one  readout  time,  according  to  the  definition  adopted,  but  the  resistance 
may  subsequently  increase  so  as  to  be  outside  the  range  of  the  failure 
definition.  Table  2  in  the  Seventh  Quarterly  Progress  Report  presents 
many  such  examples. 

Further  classification  of  early  failures  is  presented  in  Table  2, 
which  has  been  reproduced  from  the  Seventh  Quarterly  Progress  Report. 
The  classification  depends  on  whether  the  initial  resistance  at  150®C  after 
30  min  of  electrification  with  100  VDC  was  above  200,  000  MQ,  and  whether 
the  capacitors  were  burned-^in  before  the  beginning  of  life  testing.  The 
life  testing  to  which  the  capacitors  were  subjected  is  comprised  of  the 
85 ®C  and  105®C  voltage  conditions  and  the  times  shown  in  Table  1.  In 
compiling  data  for  Table  2,  only  those  capacitors  which  had  resistances 
greater  than  1, 000,  000  MSI  and  100,  000  Mf2  at  every  readout  time  were 
included.  The  same  is  true  for  the  failures  indicated,  i.e.  ,  if  the 
resistance  of  a  capacitor  was  less  than  100  Mf2  at  any  readout  time,  it 
was  considered  a  failure  for  all  subsequent  readout  times,  even  if  its 
resistance  subsequently  increased  to  a  value  above  the  failure  point. 
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PERCENTAGE  OF  FAILURES  NOTED  AT  VARIOUS  READOUT  TIMES 
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COMPARISON  OF  LIFE  TEST  PERFORMANCE  OF  CAPACITORS 
HAVING  150“C  RESISTANCE  ABOVE  AND  BELOW  200,  000 
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Notes:  (1)  Life  Test  Schedule:  85 '’C,  50  VDC,  1000  hr;  readouts  at  24  hr,  500  hr,  1000  hr. 

85 '’C,  100  VDC,  500  hr;  readouts  at  24  hr,  65  hr,  500  hr. 
lOS^C,  100  VDC,  1000  hr;  readouts  at  500  hr,  1000  hr 

(2)  Failure  defined  as  resistance  less  than  100  MS2  at  test  conditions. 

(3)  For  capacitors  which  received  burn-in,  initial  resistance  refers  to  the  resistance  value 


The  classification  point  of  200,  000  initial  resistance  at  150®C 
was  chosen  because  earlier  inspection  of  .resistance  distributions  seemed 
to  indicate  that  capacitors  having  resistances  greater  than  this  value 
might  be  considered  normal,  while  those  showing  lower  resistances 
might  be  Considered  abnormal. 

The  Conclusion  reached  regarding  the  information  in  Table  2  is  that 
Capacitors  having  initial  resistance  at  ISO^C  greater  than  200,  CK)0  will 
produce  a  smaller  percentage  of  early  failures  on  life  test  than  capacitors 
having  initial  resistance  less  than  200,  000  M^.  This  conclusion  seems 
Valid  whether  or  not  a  capacitor  is  defined  a  failure  when  its  resistance  at 
test  conditions  becomes  less  than  1, 000,  000  Mfi,  less  than  100,  000  or 

less  than  100  MQ,  It  is  more  difficult  to  reach  a  conclusion  regarding  a 
Comparison  between  capacitors  having  initial  resistance  greater  than 
200,  OOO  after  burn-in  and  capacitors  not  burned-in  but  having  initial 
resistance  greater  than  200,  OOO  MSI.  in  general,  it  appears  that  capacitors 
will  be  more  reliable,  with  respect  to  early  failure,  if  they  are  burned-in 
before  measurement  of  initial  resistance  than  if  they  are  not  burned-in. 

This  conclusion  is  clearly  demonstrated  in  the  case  of  the  Class  III 
capacitors  (and,  to  some  extent,  in  the  case  of  the  other  two  classes)  at 
the  resistance  divisions  of  1,000,000  MS2  and  100,000  MS^. 

The  analysis  of  the  life  test  data  on  Class  III  capacitors  has  been 
extended  to  include  testing  at  125° C  and  100  VDC  for  1000  hr,  in  addition 
to  the  preceding  schedule  of  life  testing  at  85°C  and  105°C.  The  data  on 
Class  1  and  Class  II  capacitors  were  not  analyzed  beyond  the  conditions 
and  times  at  105“C  because  these  classes  demonstrate  a  sizeable  percentage 
of  failures  after  only  a  short  time  at  125° C,  as  can  be  seen  in  Table  1.  An 
extended  analysis  might  therefore  tend  to  confuse  the  relationship  between 
early  failures ,  burn-in,  and  initial  resistance. 

The  extended  analysis  of  life  test  data  for  Class  III  capacitors  is 
presented  in  Table  3.  The  most  reliable  capacitors  are  those  which  received 
burn-in  and  which  after  burn-in  had  resistances  exceeding  200,  000  MO  at 
150°C  after  30  min  electrification  with  100  VDC.  This  statement  is  clearly 
true  if  failure  is  taken  to  mean  a  resistance  less  than  1, 000,  000  MO,  or  less 
than  100,  OQO  MO,  or  less  than  10,  000  MO  at  test  conditions. 

It  is  not  surprising  that  capacitors  having  high  initial  resistance 
at  150°C  (i.e.  ,  greater  than  200,000  MO)  should,  in  general,  display 
greater  reliability  than  capacitors  having  low  resistance  at  150°C.  The 
life  time  formula  for  individual  capacitors  described  in  the  Seventh 
Quarterly  Progress  Report  contains  two  important  elements  relating 
directly  to  life  time,  namely,  time-to-peak-resistance  and  peak  resistance. 
In  the  majority  of  instances,  these  are  related  to  initial  resistance  as  it 
is  being  measured  here.  In  Figure  2  of  the  Sixth  Quarterly  Progress 
Report,  it  can  be  seen  that  high  values  of  resistance  at  150° C  after 
several  minutes  of  charging  seem  to  indicate  high  values  of  peak 
resistance.  In  Figure  9  of  the  Seventh  Quarterly  Progress 
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105°C,  100  VDC,  1000  hr;  readouts  at  500,  1000  hr 
IZS^C,  100  VDC,  1000  hr;  readouts  at  72,  250,  500,  and  1000  hr 
allure  defined  as  resistance  less  than  100  MO  at  test  conditions. 

or  capacitors  which  were  burned-in,  initial  resistance  refers  to  resistance  value  after  burn-in 


Report,  it  can  be  seen  that  capacitors  displaying  long  times  to  peak 
resistance  generally  have  the  highest  values  of  peak  resistance. 

Therefore,  in  the  majority  of  instances,  it  can  be  expected  that,  after 
several  minutes  of  charging,  capacitors  displaying  normal  or  high  values 
of  resistance  reiative  to  the  population  as  a  whole  at  accelerated  conditions 
of  testing  will  be  more  reliable  with  respect  to  the  occurrence  of  early 
failures  On  life  test  than  those  capacitors  displaying  abnormally  low  values 
of  initial  resistance. 

4.  4  Life  Time  of  C67  Case  Size  1  Monolythic  Capacitors 

The  Seventh  Quarterly  Progress  Report  presented  the  details  of  an 
approximate  life  time  formula  derived  on  the  basis  of  the  resistance  vS. 
time  features  of  the  obsoleted  version  of  this  capacitor  at  various 
temperature  and  voltage  conditions.  The  principal  elements  in  this 
formula  were  peak  resistance,  time-to^peak- resistance,  and  a  degradation 
rate.  The  principal  elements  can  be  readily  discerned  from  the  resistance 
vs,  time  curve  for  an  obsoleted  capacitor  presented  in  Figure  1  of  this 
report. 

An  experiment  to  determine  if  an  empirical  relationship  exists 
between  time -to-peak -.resistance  or  peak  resistance  at  150“C  and  185  VDC 
and  life  test  behavior  at  lower  temperatures  for  27  C67  Case  Size  I 
Monolythic  capacitors  was  begun  several  months  ago  and  has  now  been 
terminated.  The  capacitors  used  in  the  experiment  ranged  in  capacity 
from  6,  000  to  10,  000  ppf  and  were  from  three  different  lots. 

The  life  testing  of  these  capacitors  followed  a  step-stress  design 
according  to  the  following  schedule; 

85''C  and  100  V  for  340  hr 
85®C  and  200  V  for  1500  hr 
lOS'C  and  200  V  for  2350  hr 
125'’C  and  200  V  for  524  hr 

The  resistance  of  the  capacitors  was  periodically  determined  at 
test  conditions.  The  characteristics  of  these  capacitors,  such  as  time- 
to -peak- resistance  and  peak  resistance  as  well  as  the  resistance  of  the 
capacitors  at  various  times  during  testing,  are  presented  in  Table  4. 

Not  all  the  capacitors  were  severely  degraded  during  the  course  of 
testing.  None  of  the  capacitors  failed  catastrophically.  Because  of  the 
test  circuitry,  the  applied  voltage  was  divided  between  the  test  capacitor 
and  a  1  resistor  in  series  with  the  capacitor.  Therefore,  when  the 
resistance  of  the  capacitor  on  test  dropped  to  less  than  10  Mf2,  a 
substantial  fraction  of  the  applied  voltage  was  removed  from  the  test 
capacitor. 
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449-3  480  2,720,000  >330,000  >330,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000 

449-4  480  3, 380, 000  >330,  000  >330, 000  >660, 000  >660, 000  >660, 000  >660, 000  >660,  OftO  >660, 000  >660, 000  >660, 000 

449-5  480  3,450,000.  >330,000  >330,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000 

449-6  480  2,640,000  >330,000  >330,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000  >660,000 


In  general,  the  data  in  Table  4  indicate  a  relationship  between 
time -to -peak- resistance  and  stability  of  resistance  on  life  test.  Capacitors 
having  short  times-to-peak-resistance  at  iSO^C  and  185  VDC  degraded  to 
low  values  of  resistance  on  life  test,  whereas  capacitors  showing  long 
times -to-peak-resistance  did  not  degrade  on  life  test. 

In  practice,  the  Selection  for  potentially  long  life  of  titanate  ceramic 
Capacitors  displaying  resistance  vs.  time  characteristics  similar  to  the 
obsoleted  version  of  the  C67  Case  Size  I  Monolythic  capacitors  would  be 
made  on  the  basis  of  resistance  determinations  at  ISO'C  or  other  severe 
temperatures  for  a  period  of  time  sufficient  to  ensure  that  the  capacitor 
has  at  least  a  certain  minimum  value  of  time -to-peak- resistance , 


4.  5  Selection  of  Long  Life  Capacitors  of  the  Improved  Version 


An  experiment  has  been  started  with  the  goal  of  establishing  a 
procedure  for  the  Selection  of  long  life  capacitors  of  the  imprpved  version. 
The  experiment  is  designed  not  only  to  demonstrate  that  the  selection 
procedure  is  effective  but  also  to  supply  evidence  to  support  assumptions 
made  about  the  improved  capacitor.  Information  previously  obtained  on 
the  obsoleted  version  of  the  C67  Case  Size  I  Monolythic  capacitor  was  used 
to  guide  the  design  of  the  experiment. 

An  outline  of  the  different  parts  of  the  experiment  is  presented  in 
Figure  16.  Essentially,  the  plan  to  demonstrate  that  the  life  lost  by  a 
capacitor  during  a  brief  period  of  accelerated  testing  can  be  regained  by 
application  of  voltage  of  opposite  sense  for  a  time.  That  this  is  true  for 
the  obsoleted  version  of  the  capacitor  was  demonstrated  in  the  First  and 
Second  Quarterly  Reports.  Further,  it  is  hoped  to  demonstrate  that  if  a 
capacitor  is  capable  of  a  given  performance  at  some  accelerated  condition, 
it  will  deliver  at  least  a  certain  minimum  standard  of  performance  at 
milder  conditions. 

The  following  two-step  screening  technique  is  used  in  the  experiment: 

Step  1  -  The  capacitors  are  subjected  to  300  VDC  at  150® C  for 
72  hr,  during  which  time  the  resistance  of  acceptable 
capacitors  may  not  vary  more  than  20%. 

Step  2  -  The  acceptable  capacitors  from  Step  1  are  subjected  to 

300  VDC  applied  in  the  opposite  sense  at  150“C  for  72  hr, 
during  which  time  the  resistance  of  acceptable  capacitors 
may  not  vary  more  than  20%. 
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The  purpose  of  Step  1  of  the  screening  program  is  to  identify  those 
capacitors  which  have  not  reached  the  point  of  onset  of  degradation.  These 
capacitors  would  he  subjected  to  Step  Z,  while  those  capacitors  displaying 
degradation  would  be  discarded.  In  this  experiment,  however,  no 
capacitors  will  be  discarded. 

The  purpose  of  Step  2  of  the  screeriing  program  is  to  rejuvenate 
normal  Capacitors  and  to  detect  those  capacitors  which  might  be  sensitive 
to  polarity  because  of  some  construction  or  material  defect. 

The  tolerance  of  20%  on  resistance  variation  may  be  reduced  if  very 
close  control  over  temperature  and  electrical  interference  can  be  achieved. 


If  it  is  assumed  that  a  capacitor  which  passes  the  screening  program 
can  survive  300  VDG  of  either  sense  at  T50°C  for  7Z  hr  without  reaching 
the  Onset  of  degradation,  the  minimum  time -to-onset^of ^degradation  can 
then  be  calculated,  making  use  of  relationships  derived  from  the  obsOleted 
version  and  accommodating  them  to  the  improved  version  with  certain 
other  assumptions.  In  particular,  the  accommodated  relationships  used 
to  estimate  minimum  time-to-onset-of-rdegradation  are; 

td  -  t^  exp  where  Aw  =0.90  eV 

iC  X 

and  t^  “  V"^'  ^ 


Some  sample  calculated  results  are: 


Conditions 

150“C  and  100  VDC 
150^ C  and  50  VDC 
125"C  and  200  VDC 
IZB-C  and  100  VDC 
125 ^C  and  50  VDC 
85 “C  and  200  VDC 
85 “C  and  100  VDC 
85 ^C  and  50  VDC 


Minimum-  Time -to - 
Ons  et- of -Degradation 

8  weeks 
52  weeks 
6  weeks 
38  weeks 
4. 8  years 
2. 2  years 
14  years 
89  years 


A  detailed  presentation  of  data  obtained  to  date  on  the  capacitors 
being  used  in  the  experiment  outlined  in  Figure  16  is  given  in  Figures  17 
through  24, 
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The  distrihxition  of  Gapacitance  values  is  shown  in  Figure  17. 

Average  dissipation  factor  at  1  kc/sec.  ,  0.  5  was  1,  0%.  The 

extreme  values  of  dissipation  factor  were  0.  9%  and  1, 1%, 

Figure  18  shows  the  distribution  of  RC  products  for  the  capacitors 
before  the  screening  program.  In  calculating  RC  product  resistance  at 
100  VDG  and  150°G,  SOitS  min  electrification  was  used  together  with 
capacitance  at  ZS^C,  1  kc/sec.  ,  0.5  The  spread  in  RC  products 

is  about  one  order  of  magnitude. 

Figure  19  shows  the  distribution  of  RC  products  after  one  hour  and 
a.fter  72  hr  in  Step  1  of  the  screening  program,  and  Figure  20  shows  the 
distribution  of  RC  product  changes  between  one  hour  and  72  hr  in  the 
program.  During  the  course  of  burn-in,  the  resistance  of  most 
Capacitors  decreases.  For  two  per  cent  of  the  capacitors,  the  resistance 
decreases  more  than  20%,  Figure  2l  shows  resistance  vs.  time  during 
Step  1  of  the  screening  program  for  an  average  capacitor  (No.  225)  and 
three  non-typical  Capacitors.  Except  for  capacitor  No.  246,  the  non- typical 
capacitors  during  Step  1  had  typical  RC  product  Values  before  the  screening 
program. 

Figure  22  shows  the  distribution  of  RC  products  after  one  hour  and 
after  72  hr  in  Step  2  of  the  screening  program.  None  of  the  capacitors 
from  Step  1  which  behaved  unusually  (i.  e.  ,  Nos.  246,  253,  and  260)  were 
subjected  to  Step  2*  Figure  23  shows  the  distribution  of  RC  product 
changes  between  one  hour  and  72  hr  in  Step  2  of  the  screening  program. 
There  were  no  unusually  behaving  capacitors  detected  in  Step  2. 

The  capacitors  outlined  in  Figure  16  are  now  on  life  test  at  125®C 
and  200  VDC.  After  250  hr  at  this  condition,  none  of  the  capacitors 
which  survived  the  screening  program  has  reached  the  onset  of  degradation. 
(These  capacitors  are  in  positions  A  and  B  of  Figure  16.)  The  life  test 
behavior  of  the  average  capacitor  and  the  non-typical  capacitors  described 
in  Figure  21  is  shown  in  Figure  24.  Capacitor  Nos.  225  and  246  are  in 
position  D  in  the  Figure  16  outline,  and  Capacitor  Nqs.  253  and  260  are 
in  position  C. 

Life  testing  of  the  capacitors  is  continuing. 
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Applied  DC  Voltage 

STEADY -STATE  CHARGE  CURRENT  VS  VOLTAGE  AT  85  °C 
FOR  A  NEW,  IMPROVED  0.01  pf  C67  CASE  SIZE  I  MQ-NOLYTHIC  CAPACITOR 

Dielectric  Thickness:  0.002  5  in. 


Figure  3 


FOR  AN  IMPROVED  0.  01  |if  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITOR  (Lot  830)  WHICH  WAS  AGED 

Notes:  (1)  Charge  current  applied  in  same  polarity  as  used  during  aging 
(2)  Capacitor  aged  at  ISO^C  for  700  hr  with  600  VDC. 

During  aging,  resistance  decreased  from  10,000  J/K2  to  700  M£2 


Steady-State  Charge  Current  (amp) 
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Applied  Field  (VPC/mil) 


STEADY-STATE  CHARGE  CURRENT  VS  APPLIED  FIELD  AT  85  "C 
FOR  AN  IMPROVED  0.  01  pf  C67  CASE  SIZE  I 
MONOLYTHIC  CAPACITOR  (Lot  830)  WHICH  WAS  AGED 


Notes;  (1)  Charge  current  applied  in  same  polarity  as  used  during  aging 
(2)  Capacitor  aged  at  150'C  for  700  hr  with  240  VDC/mil. 

During  aging,  resistance  decreased  from  10,  000  MSI  to  700  MD 


Figure  5 


Applied  Field  (VDC/mil) 


i'  I  STEADY-STATE  CHARGE  CURRENT  VS  APPLIED  FIELD  AT  1  bU  v 

i  L  for  an  improved  0.  01  jxf  C67  CASE  SIZE  I 

I ,  MONOLYTHIC  CAPACITOR  (Lot  830)  WHICH  WAS  AGED 

t;  Ij  Notes;  (1)  Charge  current  applied  in  same  polarity  as  used  during  aging 

j  (2)  Capacitor  aged  at  150*C  for  820  hr  with  240  VDC/mil. 

II  f  t  During  aging,  resistance  decreased  from  10,400  Mfl  to  2400  MD 

i  i  i 


Figure  6 
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CURRENT  VS  TIME  AT  200  VDC 
FOR  A  NEW,  IMPROVED  0.01  fif  C67  CASE  SIZE  I 
MONOEYTHIC  CAPACITOR  (Lot  830) 


Figure  7 
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Time  (nrtin) 


CURRENT  VS  TIME  AT  95  VDC 
FOR  AN  IMPROVED  0.01  pf  C67  CASE  SIZE  I 
MONOEYTHIC  CAPACITOR  (Lot  830)  WHICH  WAS  AGED 

Notes;  (1)  Charge  current  applied  in  same  polarity  as  used  during  aging 
(2)  Capacitor  aged  at  150*C  for  700  hr  with  600  VDC. 

During  aging,  resistance  decreased  frorn  10,  000  MD  to  700  MQ 


Figure  9 
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i  CK) 

T 

STEADY -STATE  RESISTANCE 

VS  INVERSE  ABSOLUTE  TEMPERATURE  AT  95  VDC  AND  195  VDC 
FOR  AN  IMPROVED  0.  01  jxf  C67  CASE  SIZE  I 
MONOLYTHIC  CAPACITOR  (Lot  830)  WHICH  WAS  AGED 
Dielectric  Thickness;  0.0025  in. 

Note;  Capacitor  aged  at  150'C  for  70Q  hr  with  600  VDC. 

During  aging,  resistance  decreased  from  10,  000  lvfi2  to  700  MU 
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Figure  10 


:3aBssis:s!!iss9E3Ss: 

aEiii:ii!S!!SBasiiBsses&s 

issasBigieimiii 

Bi 

Kt 

iSHiiliSBB: 

aiMB 

■1 

s 

IBS! 

BSS!!!!BISIi!!Si 

laaspai 

■ 

oi 

sss* 

an 

■  i  .  •  '  fr  r " 

■SSSEailSISiSiiMSiE 

sasiBsiiiistBa 

sssins 

1 

ass 

aiSEBillESIliUiSI 

!i 

111 

IfiSlilllBSSI 

IBSIB 

s 

sail 

aSBSiSiBilSlSl 

‘SilSSS 

'■ 

'  ,  '’T.'i.r.- 

ISSESS'iSStlSflllSEi 

SISiS3iii!  IB! 

aaiiiSB 

g 

ass 

sissi9:»i!i!iiss 

SS 

99! 

193  3ii  eais 

mm 

B 

ggss 

Si9l9iSi3!!!IIS 

ssieiis 

iiiSiii 

■ 

IB 

EBES 

III 

sSiSlisiiiiiiiiiiiflE 

iSISil!!!!  tea 

siifsis 

s 

sss 

!iSSSIi»SS!il!9I 

Si 

Eil 

Si!  illBlli 

iSHB 

E 

asEi 

SSHSSSIfllliiE 

SSMSSS 

SI!!!!! 

iB 

IH 

iiiiiiiilil 

iiitillliii 

iiSiSii 

I 

ill 

iliilHIiil 

11 

lit 

ill  III! 

urn 

I 

iiil 

Iiii 

S 

Ii 

iiii 

ii 

iStliillill! 

lliliil 

Hill 

I 

311 

sss 

iiiiiiii 

11 

111 

11 II  iii 

ii 

S 

m 

ills 

sriyislLllli 

liimt 

atmc«K» 

fill 

Ii 

iiii 

i 

^  i  :  r  ^=pa 

ilpSif  iplalj  pis 

iaiESSSlBiSiailES! 

ilillll 

nil 

B 

m 

m 

M 

sHS 

liliill 

111 

mil 

gaps 

IIP 

m 

& 

m 

nwna 

WMSk/i 

hmbS 

see! 

■■aaiiixaoaBHiiai 

SiSiifiiisiil  8 
iSgiSSiiiiiillE 

■Bwacea 

■iUGiik 

IBBalBld 

uiBgiBi 

i|ip 

imili 

li 

is 

m 

ssp 

li 

liiiiiipliliiS 

illiili 

I 

ill 

iiii  fill  liiil 

11 

If! 

ill  IIP 

liiil 

& 

a 

aSauSI! 

sisliiSilidilB 

SiiSliS 

lilP 

11 

ill 

m 

sssa  leasn  ssessss 

as 

flfl? 

iiiiiiii 

iri 

E 

iMuajaa 

SSae"*! 

mSSaSi 

sesasssEEssssss 

MaiiMa8«nBiiit»a 

s3::i3SS3ei!Els 

BMMU  f2«U 

sssssss 

siliifi 

1 

I! 

SSI 

sss 

siglli  EjSi: 

gSisssa 

sSBSi  ;3!|  ■  |g 

Ill 

SSaBifiaie  !!!!!!3S 

:  ^  „ 

1  '  ,  s-  - 

;  1 

BCiKBaBl  ^10  SfisfSii 

isssss  isss  ifmi 

IWHliHKji  Bi8  IlfSiiSi 

liliill 

sSuSisa 

sailSae 

M 

B 

a 

iSs 

aMH 

::issis  l!!!!  !:s 

MB 

KB 

Si 

■■ 

III 

lliili 

iStl 
1  im 

s 

n 

Biaiwa 
■  MKB 

mumt 

33]e« 

MBai«tJBari3sik«i 

SiBBaiKBKIHKIKS 

RHRS{|i|fi£tlBlKfB 

!SS3l9i9!!Sills 

HMaaaan 

iSSSiSS 

IBBKHII 

IRBBIil 

riSiaili 

issiiii 

Iiiiiiii 

II 

MWSH 

S88g 

SEES 

SS2 

BBB 

DRf 

Rf! 

lO”* 

iliiiiilli'pllllil 

afiiiiiilfl!  ■■ 

SSiiSiS! !  SB 

iilHiS 

■ 

■ 

SB9 

B» 

nil  p  P^i-  >i 

ll 

|1 

iilliiliSiSi 

iili 

E 

n 

SEES 

■  ■■1 

iiiiiisiiEiiiTri 

li 

!■ 

IS 

IS 

!■ 

SSiS 

fill 

MHain 

MbiRlfl 

■  BRS 

■  BBB 

■  BRI 

■  SHK 

Ilf 

iin 

isae 

IHIB 

SB* 

iflii 

IKBS 

Ills 

iiiiili 

SSgilSS 

sssaiis 

■ 

1 

B 

i 

igifl!  11  ii 

■1 

ii  !  ifiRii 

1  iji 

1 

■Ml 

iiaiiiiiEiiii  1 

;  i 

^  i  '  'iS?: 

ilfilHiillliilfi 

'3S£see£;::snaaigES 

SSSSiSEEIiSiSSiliE: 

siassitissnes 

SEiiiiiifsiii; 

■I! 

lii 

gas 

iiiitiiiiiiSi  III 
s=ssi:K:!!??i!!s: 
sssEiiii;:::;i<s9 

iSSSaiSiSiSliil!! 

11 

MB 

BI 

it 

SS 

ill 

iii 

3$i 

lii: 

SSiliSIigBSS 

».)i.i!!igss£ 

1  iii 

SSISS 

sasis 

Sli9S 

■ 

e 

s 

■ 

Mil 

ssse 

HHUi 

BBBR 

iisEiimsimli 

BBIIIBIIIbJIlOlW 

RRilkiilBkliEliB 

HRIBBSIllfllltS 

iilisil 

ssi:::; 

iBaiasi 

KBSillie 

IRBBIRI 

ISISi! 

llliw 

asaiif 

?  =  E  li  ^ 

SSSSSSSSSf^l^jiaai 

■efiaBSKisv^BBSKsSS? 

iiilfiOfllliiiii 

liiiissillillt 

illliiiii 

iffifijfipisi 

iSfllp 

ilifpi 

a 

I 

ai 

8S8 

ill 

ass 

BIBS  at 

iSSHIimpiilK 

iiiislliSslIiFJi 

illlfilllil 

II 

II 

SS 

EB 

fiH 

as 

si 

Hi 

asz 

Brb 

iil 

99! 

iiii^lllSSSS 

iKIBV 

■aiii 

iilfi 

«<6iC 

egilai 

■ 

■ 

3 

3 

ua 

E3II 

1311 

iff 

iilditiiiiii; 

■Illlli 

UiiMi 

iii 

Wtatl 

»^»i| 

Wjjl 

<m 

;■ 

1 

li 

■iia 

■lai 

§sgs 

S22S 

SoSSa 

aaiM  B 

■  MBB 

■  ■laB 

■  ■■B 

ISil 

m 

li 

m 

i‘  1 

MHMSHBaMSiSlII  «■« 

■  ■iaiiia?iiiiiii  iaii 

B^SSSS 

i^isi^RKSi 

■ 

m 

BBS 

■■e*I|iNRa|iiiiaa 

■aiaiSflUHiiPiiJii 

BB 

BB 

BB 

IllBIMIflll-IBi 

■  aaaa 

■  ■■■M 

■  BUM 

■ 

■aaaa 
■■■■ 
■  BIBB 

■■SySiSr  jWB 

! 

:■  i  '  ■  e  IIIe 

BHHiiiEfkiititii  Ba« 

cp 

HMMa*»EM3aiiE«a<(MSai 
■a  wMiaMaBdaiauiadiaiwta 

SSSSSSSSSSSaSSnaSa 

SSSiSEtlSSilBS 

i;s:H!|c;nis 

:is;::3!;;!!== 

iiiiiia 

ssnsis 

BBesSia 

::E!5si 

u 

BHH 

is§ 

l■H|lBlli|llnlll 

at 

s: 

si 

as 

I8R 

ass 

9h 

IIHilllBVi,'S 

■biSm 

Pee! 

«SnS5 

■  BBI 

KR^BBIHSltn 

SSSESSSSSidiSS 

aaa«wciBBifiiiii« 

mm 

EsiEEsE 

esses:: 

Sfflfk 

:■ 

Is 

■  ■■a 

■  SRB 

sses 

££ss 

Nt  HI*  ■ 

i\ 

III 

ii 

;  *  1 

0  ••»--- 

• 

;  1  .«  ■ 

SSSSiS&SiiSSaiiiiMi  ■■■ 

■  «■«««  BiRsaBilii  ana 

■  ■■■■iiifliiaiaiiaKa 

■  aafBSBiiiiiiiiiBsi 

■  aBIBISIIISIIItillBB 

■ilfilisiissilWiliii 

SasasRlfliiiaiM 

^sisirsssrss 

aiiiBiMisi  ■■■ 
■ixiiiiRiii  Ssi 
acBiiilKiii  Hi 
aiiaiiiifii  ■■ 

•  ■Mspaas 

■  ■■■Saas 
•sssfawi 
MSHBiBM 

■  RSSMM 

■  SISRIM 
HBIIIIM 

m 

m 

a 

a 

BBBlW 

flsaiB 

OIMMI 

■MBI 

MIBB 

aval 

mmm 

ssssissSsihtsisE 

Bwaaf  Bsssambbaa 
•BiasDRaRaigiai^sa 

aa 

:i 

aa 
BB 
BB 
■  ■ 
II 
II 

e:E 

SRB 

*!■ 

Ill 

8RB 

III 

III 

SMIililiaBiaa 
■  llltilliaaSB 
■aaiitiiiaMHM 
iiiiBiBiaiBiaii 
lafTMIlBIBlBB 
Ilillll  MMBB 

laiflll  ■■■« 
IBlIlhiaBBK 

Si^iss 

SSilS 

MBKv'MI 

■  KliW 
RBI*  H 
IKILiT 

I 

B 

■ 

■ 

MMMa 

taaowa 

HIWWM 

■■■a 

■■■■ 

■  BBR 

■  ■■■ 
■  ■■■ 

aaMMaaBiKililta 

aaalaaoiliiit;* 

«aBBKaoitiiti;ji 

■  BRIRIIIillIMB 

aBBKBIIlSsliiiB 

BBB|lgkl|llllia 

BRiilllllillllB 

■MPvJao 

■ncaaii 
■mciii 
HCBIlil 
BBBf III 
BBBISEI 
lllIBKi 

■2«Kii 
■  IkKI 
■•cut 
BIIIN 
IHIII 
CBYlIl 
113111 
111911 

[5 

1  80 

i« 

\m 

IB 

IB 

IB 

ChM  8 
MC  HM  a 
moaia 

ai  MK  a 

■  ■MR 

■  ■MB 

•iIjir 

MilB 

■  If  I 

is 

B8 

KQ 

SI 

It 

Kl 

,  1  bS  - 

;  103..-, 

■  ■IllllllllllUilll 

■iiiniiiii  mini 

iiiiiiimii  ■■ 
ismiii  III  ■■ 
liiEiil  III  |i 
IliliSI  III  is 

Biiiiia 

■iiiiia 

llllitB 

llllHB 

■ 

■ 

■ 

m 

■■s 

■■i 

Ml 

Ml 

■iiiiiiiiiigiilii 

iiiiiliiiililiiii 

iiiiiiniiiiiiiBi 

IIIHIItlllllitll 

II 

la 

II 

II 

111 

III 

ns 

iiitiliiioii 

IIIIIIIIOOII 

iliiiniioii 

linmilsil 

IIII8 

iiiia 

liilM 

liiia 

■ 

II 

■■Ii 

■ati 

Mil 

9^111 

■itiliiiiiiiiiS 

llllllllllillll 

iiitiiinmtii 

iiiiiiiiimni 

liliflfi 

IIIIIH 

IIIHII 

IIBHH 

iniH 

itiiil 

itmi 

Hill! 

m 

m 

■ 

g 

■  III 

■  lil 
ilPI 
illl 

81 

H 

ill 

*  111' 

! 

■fsaBBSsastiitsiiSaa 
«c  asset  ssaBKtfflinaaa 

KiaaasBiiaiisisii  JBS 

HSSSfiU<lt3>4Blll 

SBSSBSCXBil’OIH 

■i&Hssjikiiina 

unssaRia 

■  SSBSIH 

m 

wsm 

aM«2 

aaaa 

■■■SBiiRiiifiiicaa 

larsflBflaiiiaikilaB 

BB 

SB 

BB 

■  IB 

SIB 

■  IB 

BSIIIIlkHWHia 

IIBIItItMWWB 

lllfillliMMMB 

BBIIOi 
■  BUM 
BBBIIBI 

a 

B 

Bi’MR  a 

■  I'BS 

■  Bm^ 

BMKaiCIBlBllltM 

BBRSICIEBiginK 

aVBIIIIIlBllliBM 

■BBBOai 

■>RISRR 

■BBaiia 

Eillll 

sum 

IHIII 

at 

a 

B 

w 

S3  sjB  a 

■  BMB 

mnmm 

■  ■HR 

fa  a« 
tail 

BRI 

B«l 

1  -I'l 

■  BBaiiBiiSsaiifisai 
BBiBilBllliSIBIiaia 
BiBiBBiiiiieiiiiiai 

KBSlfSiuiSiBH 

ISIHSliBIKiilBI 

leSBilMHiiag 

■■isica 

SBSISIH 

llltllB 

=;sss:;= 

■ 

■ 

BBSI 

■■Cl 

■■■• 

IBISIIIIIIlilHSS 

BIIIIIBIlUill  11 

II 

IK 

11 

III 

III 

III 

IBIEtniHBBK 

BHivisiaBBB 

!!!!!!!!¥!!! 

IIIIB 

■  Ills 

»»■ 

■ 

B 

■ 

■BKa 

■  MK 

■  IIIOIIIBIIItll 
EKSgSEinillitK 
laiEianniEici 

IBII8IB 

iiiaEii 

illiiii 

£B1S1! 

ii:iMr 

EEiita 

a 

■ 

XilfiB 

iK«aa 

sasi 

IBS 

III 

sat 

iiB  Ha*  itiifliitiMfaa 

■  ■■■BSJSBaaiikii  »«a 
BBHsan  «Ksag  11931  HaB 
aBRSnSIGlIBBiaflBSH 

■  aavaBHasitiiiif  ■■■ 

■  Basis  RBiaisiRiiaBS 

KHBBBiiKiiiiatiiDiaaa 

E::EEi:ss£:iEE 

■  ■  aaiRC  iRixj  wee 

saasa  t tin  an 
08  aasBR  Ilf  IS  mn 

Bs  aaisE  iiatg  «■ 

■  BIISIKIIStiJia 
■saaiisilSfjMH 

ssssses 

MB  aMBB  M 
oasaea  aa 
2B  aaaBM 

■  leaBBawi 

nasBaasi 

■  SSSSIHI 
SfKBSBIB 

m 

m 

m 

WBIMH.  1 

■Bfwi 

Hsm 

HWWB 
■  ■■1 

BHSI 

■  IBMHBBSIIIIIIIlfBa 
9BBBaa8aasiiats  aa 
naBaasaiBifiiigaa 

l■■»a■Ilgailn■s 

BaBSSBISISIIIIIBS 

sm 

aa 

aa 

aa 

■  B 

BB 

BB 

'«■ 

B'ae 

■  ■R 

8  ■« 
III 
III 
III 

8s;i;:;i===s 

lifsiiiiSSES 

■  II  liiti  HM  aa 

■  iMiiii  aiwaa 
miiiiiiaiwna 

■  Rtlllt’MWWa 

■  IHllllBiaBK 
BBlIISliHBBB 

aaao  aa 
aa  80  B 
aaso  B8 
mmawm 
■Biiai 
BBiaoi 

■1 

SZkS 

MMwS 
■  MBR 

■■aa 

aak'nSoBBBiiiStS 
BBBf  r':iiiiiii!  a 
aaa,  :..oBiBi£ii<  a 
aaKB«io«iiiiziii  K 
aaaa.  axiiisiiiiH 
BBRISt'^IIEMIIIB 
•  BBIIillllilliRI 

inrS  nm 

■  NMB  eac 

■  BKIu  080 

■  RBK  R8B 
BBaaaai 
iBaiiRi 
IBBIIII 

1  iiif 

BriiiE 
BI SIf 1 
Blllll 
aiiiii 

m 

m 

■ 

H  an  H 

a  MCI  a 

a  ■  B  * 
m  siBi  ■ 

■  ■■a 

■  SRB 

■  RRB 

isEs 

•  SC 
;:i 

BK8 

sal 

■  ■1 

■  II 

■  II 

BBBBBI  ■Rill  ill  filSSB 

MMaoiBBaiiaa*ioBRSaBC 
MBBHaeiiRiiBRiiiiBnta 
HseaBBssateiRiaii  bbm 

aissBissiBKmxtg;  ssa 

SSXSIBIjIIBiIBS 

BBSSB»a9CI«BBaB 
HR  32SS*lBllllI  MW 

■  S  SBIO  a 

Bl  m  HM  a*  BN 

aia  aaac  m 

naaaaaaB 
SS  ■■  SR  B>| 

a 

mt 

BB 

■s 

■  ■■■ 

SSSi 

saiBit 

l■■■IIBIISIIlli  ■■ 

■  aaa>iHa>Nsai(iiaB 

■  aaaa  ■■■aiufiii  bb 

■  aaBBN»«linil|  BB 
■aaaBBKBSBiiiitaa 
■HaBBsaBBiiiiiiaB 
I9BBR  RIRRIIIfliaB 

BI 

aa 

aa 

IflB 

D  MB 

Sin 

V  08 

■  IS 

■  •iiiiiiaenaN 

■  ■laiiiiMHaa 

oiiiiiiiaoaiaB 
SBBiiisi  M  ■  a  a 

IBIIH 

aS  S 

aa  ■«  M 
awaoB 
■  aMBai 
aavxaa 
va  ■■  Mi 

■[ 

■  BBS 

iiii 

aiaiMa 

aOBIMB 

aaaiPiioBtiiii.'S 

■  ILNB  »nKi 

■BMOSHB 

IHEIi 

1 

iLleid 

m 

m 

G» 

BRRB 

£  SS  u 

a  MS  B 

assn 

lit 

ill 

•>  ■■ 

»  80 

«  80 
BBS 
BBS 

III 

i  I  •  -“Hrj 

■  BSSSSlBaRSISBIISaS 

■  BBSaBRSiiBaaiiiBsia 
sBiBiaisiaisaiiiiBBZ 
BaHiBflssasiaifiiBBs 

■  BaSSfillBIEBlIflBSS 

■cjXRBaii»iik:HW 
Bi97.IBItBES'aR 
■  9Sil3ll!Blisaa 
eBiRieaiiiPHB 

BPoauisfiiriisiH 

WSSaSRH 

■siSBiai 

asssBiai 

SRiBaia: 

m 

m 

m 

■RMMi 

BHBI 

HHHB 

■■VI 

l■BBla«RI|l||ISS■■. 

l■BBRaSRIIISiii■B 

IBBBIilSIllllllllS 

BB 
■  ■ 
■  I 
II 

III 

III 

III 

III 

imiflltHHHB 

lllllilfHHMB 

llltllltHaHK 

iiiiiniBagia 

BHIRBl 

BBBIRi 

RBIIfli 

RBBKBi 

M 

■ 

■  ■B§ 

■■Bi 

■  BBR 

■  ■■■ 

BRaBIRIRIllllliM 

RBBIJilRIlillStiBI 

RiBiiiiiiiniiai 

BKIIilllSilifia 

IBBIIIC 

IBRIIIE 

IBBIIII 

II8B8II9 

XHlIi 

IHiM 

BlilFI 

lillll 

W 

M 

.■ 

IB 

■  RRB 

■  RSH 

SRRB 

■  BSB 

all 

111 

Dll 

BBI 

i  •  SS" 

i  i  '  1 «2 ■ - - - - 

SBiisasiiiiiaisisiEii 

MiiBiaaasaaiisiiiEfl 

■  K  rBSSE  •IBIi  Ha 

iiiiasinisiiBi 

HI  SI  SS  B. 
BiliSiB 
IIIISSH 

■ 

■ 

H 

■■■1 

■Ml 

Mi! 

IlSlIlllUlllfPli: 

IlllllliSISilllil 

illlllilllllilili 

II 

II 

11 

ill 

ISI 

III 

llllllflHBIR 
IliillliBIII 
III  llliMII 

IIIIH 

BIIIB 

IIIIH 

■ 

■ 

■ 

■  ■■■ 
■  ■■1 
Mil 

iiiiiiiisiin!i 

IlllSillilinil 

Ilillll 

lllllfi 

niiii 

ISIISI 

i  ■ 
;■ 
'■ 

■  IKK 

■  all 
■aiK 

i  IPl 
laE 

ii« 

1  L  10^  ^1:.. 

iiiiiaaiBiiiiiiiiii 

lllllltilSEill 

IIIIIIB 

■ 

■■■I 

iiiiiiiiiiitiiiii 

II 

HI 

ill  niiiiii 

Hill 

■ 

■III 

(iiiiiiiiiiiiiii 

■■■Iiii 

llilii 

ii 

lilS 

III 

10  100  1000  10,000 

Time  (hr) 


RESISTANCE  VS  TIME 

FOR  IMPROVED  0*  01  jif  C67  CA^  SIZE  I  MONOETTHIC  CAPACITORS 

Dielectric  Thickness:  0.0025  in. 

ConditiGnB:  1S0‘C,  220  VDC 


Figure  11 


ilsililillj-" 

i|s||s:ass  !£uii9jis|3s:ss![|||||igps3Biesassssssstim:iiiusiasiisai!m!iBa68iii[L. 

iliislii  Ou  '  ill  l  i!SSHliiJpgg£SSSi;!l!!l!H!!!^s;» 


iiiiiiiiOi||fliiliiillllOliliiiil!iliiliilliiellilli!il!i 

aeaffBBBS^SSSgS^aS!!  9nME5B9Hf8!»aHimyB««iravniki^— 


B  BAMajyuASAM  1 1  i  a 

jiifcjEBItMIs!  s 


BBBHiBBBiiiiiBiBBjKaiaciBa 
- - .HBiaiBBBiisiniaaaHBt 


1555SE5!S!i>>UBHi  ■Biaiiiiiss|ii<aKnBiiii9 


isiujiei 

iiiiiliillll!li!fli!il!!!!!iii|illliiiiiiib: 

sgsssrBKsssns  Eis  ss:siiS3SSjsu!BSEa:Gs;assB^^^ 

■BBnaiiHaaKaBflaeSElit 


;b3b: 


iBtllanBBlEHBBlI 

ImimMaaHIBiai 

illi  ■■kaiiRiil 

"miii . . “ 

iiiti 


iSssaiEEH 


_ aaiaB 

■asaaflaB 
aasBaaaB 

■  ■■■■■Ri _ 

_ jiaaaaRRiiiiiHiii. 

«laB■■a■■■lGBlglllUl 

■■■■■■■■■liiiiSiil!' 

■■■■■IIIIBIIHilllll 

iHiiisiiiiilUfilin 


l\\ll 

lllll 
Baiiffinii 

liiiiiitiii 

ISISlliii 


SB«aii|aiBaiBgaaiijliii' 
aaaaioiaiBiHBiaBafjiiiiiliiiJ 
aeBBiif|aiiaaBBa»iimiiiii 

|■■l«i|i■BB■■■llliilu|llll 

i■■llli!■BB■■|llll|lll|iil 


■Biatl 


lllllllll! 


I  BBBtSiiililllii, 

I  Baaiiitiilfiiil 
I  BBIIipiIl)  — 

I  Bill'  . 

!  III!' 

, _ _ j  mill 

laBBiimiiiiiiiiiiiiiiiiii 

~aagaiBBwaaawBeBBB»iiinaBraa«BBB«Bnn3agaBBiaaa 
aa9nfliaia«BmiB8iBxiiii«aaa3iaBEiJBiatiMHaa5a _ 

aoaniHaBBKSk'flBBBiisiDBMaaBiiaisaimiaiBiaRRBaaHaiaiHaiBaiBRBaaaiiri 
■■■■■■■■■■*  Bi  IB  ■■■■■•■■■I  IIIBSiaBfiailBIBfltiif  1311  ■! 

■■BaBBlfBIIIIISnil'BlllBIIBlifill  ■BBaiBliaBHHBiBlllllllinifllBIIIBIIII 

■■■■BiiaBiiiiiiisiiiimiuiiitiniBBHisiiBBBaBiiiiiiiiiinhliiiiimii 

S=|||=|:|;K:;i:!!F!5=s:;|;s5!S; - 

SSES  S3  5SS5S5S353SS!SS!S3!S5ii- 

. a  awnB  waiaiaiaaaawwBKaBiBita 


BL-„ 

EE*5 

il3!S{SBa:SSSSS|15SI 

^BiiilSSSliiiilSaSi _ 

.  ppEaii?^ 

Esiissiir 

EaiiEHissl 


iSiiiiiiiiinjiiiiiiiiijiniUiaHiiBiail 


No.  180 


IfHas; 


■BUM  BiaflBB  Bdiai  oiBi  eaS  ta3  3b  I 


CSIjSSSSSeSSESSSSStSSSSSSS-. 

^:j|ssss:is::!ssi[|gEs:3s»| 


_ ai  ■•■■iNMltl  asK  waaSS 

_ BBMaH  SSI  18  aaggi  mmaaamtiei 

mmimmrnmtKaaaiattiiammmiiKaawiattniBmmmmmK 

-  ■■BBRBBiBaii lain ■■■aRBBBia  Hill aiaaiii 5a S 
B  ■■■BBaBIRBBlillllCBBBIRIIIllilllllHHaBBBII.. 
- ^BlBBBBBtSIIBlEilliBBBICIIIIKailHIKaBaaillil 

iasta:js=ss3ss:r - 


i:;Bl£SsiS3|Sl 
...:s»ii=ssssBSg| 
s::s;s;]ss£as3sr| 

•  ■S  ••III  WM  HI - * 


SiBSiSiSa 

BBiiiieiB 


_ laaiJiaBaiiiiiai _ 

- - - lieiaBiBBBBBBiSlBllllili 

■BBIIIIIil  I  I  ■HBfIBIIBIBII  ■■■BBBIinillBII 

iiiiiiiin  I  li■■■llilill■■al■■lll|llllillll 
llillll  II  ■gailJIIHHIIIIIIIlEIIIIIIBI 


anaaaaaBBHB 


aaaiBBBBaitciji 
aiBaiBaBaiiBdii.  _ 
iiBBsaRRHiiaiasnaiiBBaiaBiiiB 
lllllBlIBIHiBllliaiUSBIBBBBlBl 


BSisB:8:s|i  _ , . . 

BsaiiiiatlssBBBhiiaiiiiteiii  . , 

inn  «■■■& silia  88111  ■•■BBsaiaft  nils  CSIBBB  MB  •• 
l|■■aMBB|■BBl|a|ll)aBiaBRRBaRalall!Bi■na■a■B 

- - --a - "'ill  aBBaMBSBIiniJBIBRlBaaRI 

-‘'‘'iBBRIIIBIBSMIlllHBBaill 

■■■1811811  mil  isiaasB  11 
■■■■laifliimnBBMBiRii 
ciiiiiiiiiii  iiaBciiiii 
iiiiimini  i|M8i8iii 
iiiiiiiiii!i  I 


iiiBB*;iaiiiiiiiiiiiiii 


- ... _ ■  HM  «  — 

■  ■■B  SBaDS  88111  BUT  Hi  ■■■■ 

- laiiaaeilnaBHBrSa 


IIIIEIIIIlilUililllli 


_ ■■■BIIIL. 

IIIIBIIBIIBBBI 


islisIiisE  SSsiSEBssSSsSSsSKsaSSHnassHiESsSiSHsiSsssiS  ::===:  £Sss5:E:s::::ni:Es:::n: 
!E:  iE=H*~~==~*==3Cs:z:s::!isss33|p:||:c|jsassS5hEss5£C£smim^sis3ss££::: 

ijjiijaasiSEiiasasHHijBAiWiilasSiiiiii 


ll■Bll  anaBB  BSBSS  GiiimH 

S - ,  - 

iBBKRRRiiiiniBiiiiiiiBiiiiBDliBiiiKiiaiiiis 

■  SBBBiaRIIIIIIIII  BSSIBaillinmBBBRBaGi 
■I  IBBIBISIIiaBBigillBKailllBIIBilEilKBliBBi 
BIIIBIillllBIISeiilBllflBlllgllllKBJiBBillC 

|j|5||E|p 


. . BaaasBfl«SBiBBi]BnBBBSsaBiii|i _ 

BBBBBBiaBnBnnBBBBBBaeBiifiMnBBBBBBBtaaiiiaannBBBaa _ 

*S!S’’"*^"*****""****"*">>"i"i  ■■■"iiininnnnBBBa  mi 

-  -  -  - - .3 - - 


■iBBBBaBaBaaH  Hill  BBBiaBaBifliiBeii  Bin  ■■  BIB  Bit  manflanaia 

BBC  BBBBB  BBBBI  Stan  aaBSa  BOeaiJIBIt  BIB- - 

BBBiHBsiaa  Baaaa  mil  aBaBBBBBBeiini  bb. _ 

*■■■■■■>■■*■>  din  ■■■■■■•iBBi  lllll  an  MB  KB  ■immnnnanBBBBRiiiiiiiiaaiBBBiBiiiiiiifnn  cm  BKRimmnnnB 

SSSSSSSSSSSSSSS!  SS!1!!E!SS SIIHI5SS55S!! **"S*"'*"*"******'B*'d ’**”****"****>*’■■* ■■■■I 

!!■■!!!!!!!!!  H!l!  !■■>!  !!!!i  «>!!1  ■■■■■■■>■■■■■■■■■>  •■■itiiiilKBHii  lllll  Biiil  MM  ■■■ill  ■■■■■■■■■*  lllll  13111  ■BRiiiiiBiiBiil  SB  inBi  IB  I 


_ tlBlIiEBnBBBBBB 

aBBnnBBBBBDBBBIIBIIlBBBBBBBIBfiaBlimaaiaBBHB 

BnnnnBaBaBBBBIIBIflBBBBBIBBBI  tailinSBIBBBflB 
- IBIBBBRIBRBIIIIliBBBBIBIIICIIIII  ■ - - 


SS5SSS55SSSSSS!SS!!S5'”"°  ""”°*  *****  SSI***  "**"^™*'*'*'***'"**'*'‘***''*****1'*'*"'*''"  HMMM  SBmMHnnHSBBBBSaHSlSaRIIMHIIRnBNlia  iBIlt  SBH  Srbb  nSt 

SIS'SSSZSSSSf  5**  calf  I  am  HID  BB  BBmaaiMnnHMaaHKaaaaiaiBiiaiHBaBaaBai  (iiiiiatnaiBiaB  Ha  aBmBBBBHBBBiBB  aaaaaieisi  MaaiRHaaBBi  asasiaan  HB  BBBB 

SSSS5SSS!3!S!!!*!!!SSS*'' ***’*" ^***’ SSSSSS*****'*'"************i'*******li'****** ■■■■<> iidinn MB BHBBHBBBBiaaa BBBaa BMiB8iaiimaiBBaaa8Rg 8811'  5HBK laia BBBB 

- _ mnnBaaBHBaaiaBiiBimaaBaaBBai  gaiii  nn  ■■aKBammnnnsBBaBBBaBf  iBaliBnBaBasaBi  iBiBiainna  BSBBmmKiBainBHaBaBBBBaiiiinBiaBBaBaai  earn  nix  n bibb  aa 

I  25"******!  *****  SS  *■"  aB*'gS™**'"**''*’""*BBSB8BBiBiBBBBB  BsaafiiagiaBi  na  •■BamBaaBnanBaaiBaaBBiiiiiiBanEBaBii  iiik  aas;  noBB  db 

^SSS55£SS!  !"**!'!!' ***’”*1*°^'""'^'*  EE  *'*‘""'"'■■|"■■*■B■■■■R■■^B■llm■■■RR■■■l  mil  ■■■■■■  SB  nmiHHinBRaRiiiiB^iiiimaiRBiHiRB  nil tna  KB  as  ■§ 

iSSES  £££!!" ’S’’* Bill*  >»MS""ii  nil*  KBon  «■■■■■  IB  ■BMnnHaRRiBiRiiiiiiiiBBRiiiiBBiiiinBBRiR  ■III 
iBnaaBBCRIlSEBBBIIiliaiailBiaaillinHBBKIIIIlMHHBBBBBIIIIIIlillllBBIIIIIIIIIIIllHBHailllHHBBBBIIIIIIIIIIIIIiaailllgBBgSllllilBBBaaaiB 


_ ■■■■■■saiiiiiiBiusaKiiiiiiiaimHEiiiBiHaiHnaBBiRiilinihi 

■  ■■HiilllllElllllIJIiilllllllllllliaifnillHHBBliillilllllHIl 

■aBBaiiiiniiiiiiiiiaiiiiuiiiim  BBaiiiiiaaaBiHiiiiiiiniii 
■BBiBigiiiiiiiainiiiiHiiiiiiiiiiBBiiiiiiBBaaHiiiitiiiiiiii 
■■cnaiiiimiiiiiiimiiiiiiiniiicainniBCBciniiiiiiiiiiii 


■  ■IIIIIIIIIIIISgBSiilllli _ 

laiiiiiiiiii  iiiiiiiiilBBBHiiiiiiiiiiiiii 
iiiiiiiiiiiiiiiBiiimiBBiiiimiiiiiiiiii 


■  BBilllllliiIill!liiilUlllllSIIIB»aiiBell 

- illlinSIHEIliBaiBlllSE 

IIIIIIIIIIIIIIIBRIIIIIfi 

iiiiiiiiiiiiiiiaBaaiin 

iiiiiiiiiiiiiiLiiiimi 


10,000 


Time  (hr) 


resistance  vs  time 

FOR  IMPROVED  0.  01  nf  C67  CASE  SIZE  I  MONODYTHIC  CAPACITORS 
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Figure  12 
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RESISTANCE  VS  TIME 

FOR  IMPROVED  0,  01  (jif  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS 

Dielectric  Thickaess:  0.0025  in. 
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RESISTANCE  VS  TIME 

FOR  IMPROVED  0.  01  jif  C67  CASE  SIZE  I  MONOLYTHlC  C.WACITOR  NO.  0164 

Conditions:  150"C,  220  VDC 


FOR  IMPROVED  0.01  |if  C67  CASE  SIZE  I  MONOEYtHIC  CAPACITOR  NO.  0169 

Conditions:  150"G,  220  VDG 
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Less  than  Indicated  Capacitance 
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DISTRIBUTION  OF  CAPACITANCES 

FOR  NEW,  IMPROVED  0.01  pf  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS 

Capacitance  at  Z5^C,  1  kc/sec 
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FOR  NEW,  IMPROVED  0.01  |if  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS 

R  at  100  VDC,  150*C,  30  min  eleetrifi cation 
C  at  0.5  25“C„  1  kc 
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SECTION  § 
CONCEXjSIONS 


A  slight  change  in  the  C67  composition  has  resulted^  in  improved 
life  test  stability  of  the  Case  Size  I  Monolythic  capacitors.  This 
change  has  not  affected  the  dielectric  constant  Or  temperature 
coefficient  of  dielectric  constant. 

Characterizations  on  the  improved  capacitor  with  respect  to  leakage 
current  and  voltage,  temperature  and  time  were  performed  during 
this  period.  The  steady-state  electrical  conductivity  of  both  new 
and  aged  Capacitors  is  non-ohmic.  In  general,  conductivity  is 
proportional  to  The  thermal  activation  energy  for  electrical 

conduction  for  both  new  and  aged  capacitors  is  1.  05  eV.  It  appears 
that  the  life  time  of  a  capacitor  subjected  to  direct  voltage  testing 
can  be  extended  if,  after  a  period  of  time,  the  voltage  sense  is 
reversed. 

An  experiment  has  been  started  to  examine  the  value  of  a  selection 
technicjue  for  the  detection  of  potential  early  failures  from  among 
the  improved  capacitors.  The  design  of  the  experiment  was  greatly 
influenced  by  the  characteristics  of  the  obsoleted  version  of  the 
capacitor  and  the  life  time  formula  developed  for  it.  Results  from 
the  early  stages  of  life  testing  indicate  that  capacitors  which 
demonstrated  resistance  instability  during  screening  will  probably 
be  the  first  to  fail  life  test. 

The  results  of  step-stress  life  testing  of  27  capacitors  of  the 
obsoleted  version  indicate  that  time-to-peak-resistance  at 
accelerated  conditions  is  a  meaningful  indication  of  relative  life 
times  at  less  severe  conditions  of  temperature. 

The  life  test  of  753  C67  Case  Size  I  Monolythic  capacitors  of  the 
obsoleted  version  was  continued.  It  would  appear  that  a  necessary 
but  not  totally  sufficient  condition  for  the  prevention  of  early  failure 
is  that  the  resistance  value  at  150*0  exceed  200,  000  MO  in  the  case 


of  0.  008  |j,f  capacitors.  Very  low  values  of  resistance,  relative 
to  the  population  as  a  whole,  generally  indicate  low  values  of 
tirne-to-peak^resistance,  which,  according  to  the  life  time  formula 
developed  during  the  seventh  quarter,  is  directly  proportional 
to  life  time. 


SECTION  6 


PROGRAM  FOR  NEXT  QUARTER 


(1)  ExaininMion  of  the  screening  program  for  the  selection  of  long- 
lived  capacitors  of  the  improved  version  will  continue.  Application 
of  the  approximate  life  time  formula  to  the  improved  capacitor 
will  he  examined. 

(2)  The  manufacture  of  1500  O.Ol  |xf  capacitors  of  the  improved  version 
for  voltage -temperature  matrix  testing  will  begin. 

(3)  The  step-stress  life  testing  of  753  capacitors  will  be  continued. 
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